cm 



(19) 



J 



Europaisches Patentamt 
European Patent Office 
Office euro pee n des brevets 



(12) 



(43) Date of publication: 

23.01.2002 Bulletin 2002/04 



(11) EP 1 174 267 A1 

EUROPEAN PATENT APPLICATION 

(51) IntCI J: B41J 2/05 



(21) Application number 01117199.8 

(22) Date of filing: 16.07.2001 



(84) 


Designated Contracting States: 


• Mlzutanl, Michinari 




AT BE CH CY DE DK ES Fl FR GB GR IE IT LI LU 


Ohta-ku, Tokyo (JP) 




MCNLPTSETR 


• Kawatoko, Norihlro 




Designated Extension States: 


Ohta-ku, Tokyo (J P) 




AL LT LV MK RO SI 


• Ogasawara, Takayuki 


(30) 




Ohta-ku, Tokyo (JP) 


Priority: 17.07.2000 JP 2000216264 


• Edamura, Tetsuya 


(71) 




Ohta-ku, Tokyo (JP) 


Applicant: CANON KABUSHIKI KAISHA 


• Maeda, Tetsuhiro 




Tokyo (JP) 


Ohta-ku, Tokyo (JP) 


(72) 


Inventors: 


(74) Representative: 


• 


Konno, Yujl 


Leson, Thomas Johannes Alois, Dipl.-lng. 




Ohta-ku, Tokyo (JP) 


Tiedtke-Buhling-Kfnne & Partner GbR, 


• 


Fujita, Miyuki 


TBK-Patent, Bavariaring 4 




Ohta-ku, Tokyo (JP) 


80336 Munchen (DE) 


• 


Murakami, Shuichi 




Ohta-ku, Tokyo (JP) 





(54) Ink-jet printer and control method and apparatus for the same 



(57) This invention relates to an ink-jet printer 
equipped with an ink-jet printhead and a control method 
and apparatus for the ink-jet printer. The printhead in- 
corporates an EEPROM (1008) storing head informa- 
tion including the ink discharge amount characteristics 
of the printhead. The head information stored in. this 
EEPROM is transmitted from the ink-jet printer having 
the printhead to the printer driver of a host computer. 
The printer driver then selects a gamma correction table 
(3010) in accordance with the head information. In this 
case, a gamma correction table is selected from a plu- 
rality of gamma correction tables in which pieces of cor- 
rection information which make print densities uniform 
are stored in correspondence with ink discharge 
amounts. This table also includes correction data for 
correcting an increase in ink discharge amount to pre- 
vent blurring due to an increase in ink discharge amount 
with a rise in the temperature of the printhead. 
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Description 

FIELD OF THE INVENTION 

[0001] The present invention relates to an inkjet 5 
printer for printing an image on a printing medium by 
discharging ink from an ink-jet printhead onto the print- 
ing medium and a control method and apparatus for the 
ink-jet printer. 

10 

BACKGROUND OF THE INVENTION 

[0002] In general, an ink-jet printer capable of output- 
ting color images has a plurality of printheads for dis- 
charging inks of four colors, i.e., yellow, cyan, magenta, is 
and black (to be respectively referred to as Y, M, C. and 
K hereinafter). Recently, an arrangement for printing 
color images by using six or more inks including light 
inks obtained by decreasing the densities of color inks 
(e.g., light cyan and light magenta (to be respectively 20 
referred to as LC and LM hereinafter) inks obtained by 
decreasing the densities of cyan and magenta inks) and 
inks having normal densities is often used to suppress 
the graininess of dots in a highlight portion. 
[0003] A printhead used for an ink-jet printer will be 25 
described next. 

[0004] Ink-jet printing scheme includes a scheme us- 
ing an electrothermal transducer (heater) as an element 
for generating discharge energy to discharge ink drop- 
lets and a scheme using a piezoelectric element. In both 30 
schemes, ink is discharged by supplying an electrical 
signal to an element for generating discharge energy. 
An advantage of the former scheme is that only a small 
space is required to place each heater serving as an 
element for generating discharge energy. This makes it 35 
possible to simplify the arrangement of an ink-jet print- 
head and hence reduce its size. In addition, it is rela- 
tively easy to achieve an increase in density. 
[0005] A disadvantage of this scheme is that the heat 
generated by each heater is accumulated in the print- <o 
head. As a consequence, discharged ink droplets tend 
to vary in volume. In addition, shock (cavitation) pro- 
duced when air bubbles generated to discharge ink 
shrink and disappear to greatly affect the heaters. 
[0006] As methods of solving these problems, for ex- 45 
ample, ink-jet printing methods and ink-jet printhead are 
disclosed in Japanese Patent Laid-Open Nos. 
54-161935, 61-185455, 61-249768, and 4-10941. Ac- 
cording to these methods and printhead, each ink-jet 
head has orifices for discharging a liquid, an ink chan- 50 
nels each of which communicates with the orifice and is 
filled with ink, and an electrothermal transducer placed 
in each ink channel. This electrothermal transducer is 
generally formed by a thin resistive element. According 
to a characteristic feature of this electrothermal trans- 55 
ducer, a pulse-like current is supplied (application of a 
driving pulse) to the electrothermal transducer through 
an interconnection to generate heat energy. By using 



such a printing method, the stability of the volume of 
each ink droplet can be improved, and small droplets 
can be discharged at high speed. This makes it possible 
to improve the durability of each heater by solving the 
problem caused by cavitations produced by printing and 
defoaming of ink. 

[0007] A plurality of printheads are used to print im- 
ages in the above four colors, Y, M, C and K, or six 
colors, Y, M, C, K, LC and LM. Such printheads are 
mass-produced. The ink discharge amounts of the re- 
spective printheads vary due to manufacturing varia- 
tions in characteristics of the respective printheads. 
These variations roughly amount to, e.g.. ±10% with re- 
spect to a standard discharge amount. Since the ink dis- 
charge amounts of the respective printheads vary in this 
manner, printed images differ in their density and color 
appearance. 

[0008] In general, a printer is designed such that the 
tone of an output image is determined on the premise 
that each printhead has a standard ink discharge 
amount. For this reason, the image printed by using an 
ink-jet printer using a printhead whose ink discharge 
amount deviates from the standard discharge amount 
differs in tone from the designed color image. With an 
improvement in image quality in recent ink-jet printers, 
an image with photo quality can be obtained. For a pho- 
tographic image, its color tone is an important factor that 
determines its image quality. If, therefore, the tone de- 
viates from the designed value for the above reason, the 
following problems arise: 

(a) The color reproducibility deteriorates. 

(b) Tone skip occurs (due to an imbalance between 
normal ink and light ink of the same color, in partic- 
ular), and the tone continuity deteriorates. 

(c) False contours are produced. These problems 
may greatly impair the image quality. 

[0009] For this reason, a method is disclosed in Jap- 
anese Patent Laid-Open No. 2-167755, in which y cor- 
rection tables used for y (gamma) correction in an image 
processing unit are prepared for the respective ink dis- 
charge amount characteristics of printheads, and the ink 
discharge amount characteristic information written in 
the printhead mounted in an ink-jet printer is read out to 
select a y correction table corresponding to the dis- 
charge amount information, thereby performing image 
processing for the corresponding image data. With the 
use of such a method, even if the ink discharge amounts 
of printheads vary, changes in the density and color ap- 
pearance of images can be minimized. 
[0010] A characteristic feature of the above conven- 
tional printhead is that it has excellent ink droplet dis- 
charge stability. If, however, the driving frequency of the 
printhead increases and printing operation is continu- 
ously performed, or an image with a high duty is printed, 
the temperature of the printhead rises, resulting in var- 
iations in the ink discharge amount of the printhead. The 
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variations reach about 15 to 20% due to a rise in tem- 
perature. This is because, an air bubble generated by 
the heater considerably grows with a rise in tempera- 
ture, and consequently, the remaining ink in the nozzle 
liquid chamber decreases at the time of ink discharging 5 
operation, resulting in an increase in the amount of ink 
droplet discharged at once. The adverse effects caused 
by such an increase in ink discharge amount include an 
increase in graintness due to an increase in dot diame- 
ter, a change in print density, and beading (ink soaking 10 
and smear due to ink soaking) caused when the amount 
of ink supplied to a printing media exceeds its ink ab- 
sorbing (receiving) capacity. Of these adverse effects, 
beading is especially serious. The occurrence of such 
beading causes information loss in a high-density por- *5 
tion of an image, or considerably degrades a sense of 
resolution, resulting in serious problems. 
[0011] According to Japanese Patent Laid-Open No. 
2-167755 that discloses the method of performing im- 
age processing upon selecting a y correction table cor- 20 
responding to ink discharge amount information, only a 
technique of making density differences due to varia- 
tions in ink discharge amount become constant regard- 
less of whether the temperature of a head rises or not, 
is disclosed. However, this method cannot prevent 25 
beading caused when the ink discharge amount in- 
creases with a rise in head temperature. 

SUMMARY OF THE INVENTION 

30 

[0012] The present invention has been made in con- 
sideration of the above conventional techniques, and 
has as its object to provide an ink-jet printer which pre- 
vents ink soaking on a printing medium due to a rise in 
head temperature by setting the ink discharge amount 35 
of an ink-jet head, which increases with a rise in the tem- 
perature of the ink-jet head, within the ink receiving ca- 
pacity of the printing medium, and a control method and 
apparatus for the ink-jet printer. 

[0013] It is another object of the present invention to 40 
provide an ink-jet printer which improves the quality of 
a printed image by storing information about variations 
in the ink discharge amount of each printhead in the 
memory of each printhead and changing image 
processing for generating print data in accordance with 45 
the information of each printhead , and a control method 
and apparatus for the ink-jet printer. 
[001 4] It is still another object of the present invention 
to provide an ink-jet printer which can prevent beading 
caused by an increase in ink discharge amount with a so 
rise in the temperature of each printhead, and a control 
method and apparatus for the ink-jet printer. 
[001 5] It is still another object of the present invention 
to provide an ink-jet printer which stores, in a printhead, 
ink discharge amount correction information based on 55 
dimensional tolerances in the process of manufacturing 
the printhead, and prints an image by generating print 
data on the basis of the correction information, and a 



control method and apparatus for the ink-jet printer. 
[001 6] In order to attain the above-described objects, 
an ink-jet printer of the the present invention comprises 
the following structure. 

[001 7] An Inkjet printer for printing by discharging ink 
from an ink-jet head onto a printing medium, the appa- 
ratus comprises: read means for reading out head infor- 
mation about an ink discharge amount of the ink^et 
head from a memory in which the head information is 
stored; selection means for selecting a correction table 
for correcting image data on the basis of the head infor- 
mation read out by said read means; image processing 
means for generating print data by processing the image 
data by using the correction table selected by said se- 
lection means; and control means for controlling to print 
an image on a printing medium on the basis of the print 
data generated by said image processing means, 
wherein the correction table stores correction data for 
the image data which is based on a print density on the 
printing medium and an ink receiving capacity allowed 
in printing on the printing medium in correspondence 
with an ink discharge amount characteristic of the ink- 
jet head. 

[001 8] In order to attain the above-described objects, 
a control method for an ink-jet printer of the the present 
invention comprises the following steps. 
[001 9] A control method for an ink-jet printer for print- 
ing by discharging ink from an ink-jet head onto a print- 
ing medium, comprising the steps of: receiving head in- 
formation about an ink discharge amount of the ink-jet 
head mounted on the ink-jet printer from the ink-jet print- 
er; selecting a correction table for correcting image data 
on the basis of the head information received in said re- 
ceiving step; processing the image data by using the 
correction table selected in the selection step to gener- 
ate print data; and transmitting the print data generated 
in said processing step to the ink-jet printer, wherein the 
correction table stores correction data for the image da- 
ta which is based on a print density on the printing me- 
dium and an ink receiving capacity allowed in printing 
on the printing medium in correspondence with an ink 
discharge amount characteristic of the ink-jet head. 
[0020] Other features and advantages of the present 
invention will be apparent from the following description 
taken in conjunction with the accompanying drawings, 
in which like reference characters designate the same 
or similar parts throughout the figures thereof. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0021] The accompanying drawings, which are incor- 
porated in and constitute a part of the specification, il- 
lustrate embodiments of the invention and, together with 
the descriptions, serve to explain the principle of the in- 
vention. 

Fig. 1 is a block diagram showing the overall ar- 
rangement of an ink-jet printing system according 
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to an embodiment of the present invention; 
Figs. 2A and 2B are views respectively showing the 
memory map of an EEPROM according to the first 
embodiment of the present invention and a con- 
crete example of the data in the map; 
Fig. 3 is a block diagram showing the functional ar- 
rangement of the image processing unit of a printer 
driver according to this embodiment; 
Fig. 4 is a graph showing image data/print density 
characteristics; 

Fig. 5 is a graph for explaining the data character- 
istics of a gamma correction table for correcting the 
characteristics in Fig. 4; 

Fig. 6 is a view for explaining how beading occurs 
in correspondence with the respective ink dis- 
charge amount ranks of heads; 
Fig. 7 is a graph showing the characteristics of a 
gamma correction table for preventing beading ac- 
cording to the first embodiment; 
Fig. 8 is a view for explaining how beading occurs 
when the gamma correction table shown in Fig. 7 
is used; 

Fig. 9 is a flow chart showing the processing per- 
formed by a printer driver according to the first em- 
bodiment of the present invention; 
Fig. 10 is a graph for explaining the characteristics 
of a gamma correction table according to the sec- 
ond embodiment of the present invention; 
Fig. 11 is a view showing pieces of ink discharge 
amount rank information stored in each EEPROM 
in correspondence with the respective ink dis- 
charge amount ranks according to the second em- 
bodiment; 

Fig. 12 is a view for explaining an increase in ink 
discharge amount with a rise in temperature in cor- 
respondence with the channel height of each print- 
head; 

Figs. 13A and 13B are views respectively showing 
the memory map of an EEPROM according to the 
third embodiment of the present invention and a 
concrete example of the data in the map; 
Figs. 14A and 1 4B are views for explaining the con- 
tents of ink discharge amount correction for each 
channel height according to the third embodiment, 
in which Fig. 14A shows a case where the channel 
height is 13 fim, and Fig. 14B shows a case where 
the channel height is 17 um; 
Fig. 15 is a view for explaining the channel height 
of a printhead according to the third embodiment; 
and 

Fig. 16 is a flow chart showing the processing per- 
formed by a printer driver according to the third em- 
bodiment of the present invention. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0022] The preferred embodiments of the present in- 



vention will be described in detail below with reference 
to the accompanying drawings. 



[0023] Fig. 1 is a block diagram showing the arrange- 
ment of a printing system including an ink-jet printer 

1003 according to the first embodiment of the present 
invention. 

10 [0024] Referring to Fig. 1 f reference numeral 1 001 de- 
notes a host computer for outputting the image data cre- 
ated by executing an application program or the like to 
the ink-jet printer 1003; and numeral 1002 denotes a 
printer driver for causing an image processing unit 1 009 

15 to perform image processing for the image data re- 
ceived from the application program in the host compu- 
ter 1001, creating a print instruction, print data, and the 
like for the ink-jet printer 1003 on the basis of the proc- 
essed image data, and outputting them to the ink-jet 

20 printer 1 003. In addition, the printer driver 1 002 receives 
status information such as error information from the 
ink-jet printer 1003 by bidirectional communication, or 
receives ink discharge amount information, head iden- 
tification information, or the like in a printhead (ink-jet 

25 head) 1 006, and changes an image processing method 
in the image processing unit 1009 in accordance with 
the received information. Such exchange of information 
and image processing method will be described later. In 
this embodiment, the image processing unit 1009 is 

30 formed by software. However, this unit may be formed 
by dedicated hardware. 

[0025] The arrangement of the ink-jet printer 1 003 will 
be described next. 

[0026] An ASIC (Application specialized for Integrat- 
35 ed Circuit or Application Specific IC) 1 005 exchanges 
data with the host computer 1001 through an l/F unit 

1004 in the ink-jet printer 1003. A CPU 1007 controls 
the overall operation of the ink-jet printer 1003 by ex- 
changing data signals and control signals with the ASIC 

<o 1 005. The ASIC 1 005 also exchanges head control sig- 
nals with the printhead 1006. The CPU 1007 receives 
control signals for the respective heads through the 
ASIC 1005 and performs various control operations for 
head driving. An EEPROM 1008 storing various infor- 
ms mation about the printhead is mounted in the printhead 
1006. The contents of the EEPROM 1008 are trans- 
ferred to the CPU 1 007 through the ASIC 1 005 at a pre- 
determined timing. 

[0027] In order to obtain photo-, high-quality images, 
so the printhead 1006 in the ink-jet printer 1003 according 
to this embodiment is formed by mounting print element 
boards for a total of six colors, i.e., Y, M, C, K, LC and 
LM, on one head unit. 

[0028] Fig. 2A is a view showing an example of the 
55 memory map of the EEPROM 1008 mounted in the 
printhead 1006 according to this embodiment. Fig. 2B 
shows a concrete example of the memory map. 
[0029] As shown in Fig. 2A, the EEPROM 1008 is 
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mapped per word = 16 bits, and variable data lengths 
are assigned depending on the types of information. 
[0030] Head identification information 201 is 32-bit 
(2-word) data; information that can be expressed with 
this data length (2 s2 = 4,294,967,296 possible pieces of 
information) is stored as information unique to each 
printhead. In the example shown in Fig. 2B, the identi- 
fication information "OFFFFFFFFh" unique to this print- 
head is stored in the EE PROM 1008. 
[0031 ] Reference numeral 202 denotes ink discharge 
amount information about each color of Y, M, C, K, LC 
and LM; each information is 8-bit data. This ink dis- 
charge amount information represents a discharge 
amount smaller than a standard discharge amount "0" 
as a negative value, and a discharge amount larger than 
the standard discharge amount as a positive value. For 
example, as shown in Fig. 2B, this information repre- 
sents a discharge amount in one of five ranks, i.e., -2 
(FEh: h represents a hexadecimal number), -1 (FFh), 0 
(OOh), +1 (01h), and +2 (02h). 

[0032] In the example shown in Fig. 2B, the heads 
corresponding to Y and M inks exhibit ink discharge 
amounts (+2 and +1 , respectively) largerthan the stand- 
ard discharge amount; the heads corresponding to C 
and K inks, ink discharge amounts (both 0) equal to the 
standard discharge amount; and the heads correspond- 
ing to LC and LM inks, ink discharge amounts (-1 and 
-2, respectively) smaller than the standard discharge 
amount (the ink discharge amounts of the heads corre- 
sponding to the above pieces of ink discharge amount 
information will be respectively referred to as "double 
small" (-2), "small" (-1), "intermediate" (0), "large" (1), 
and "double large" (2) hereinafter). 
[0033] In this example, only the information associat- 
ed with this embodiment is written in the EEPROM 1 008. 
However, other pieces of information may also be writ- 
ten. For example, information associated with driving 
conditions for each head may be written in the EEPROM 
1008 in advance, and the ink-jet printer 1003 may read 
out the information to control each head in optimal driv- 
ing conditions based on the information: Alternatively, 
registration information about the printhead 1006 may 
be written in the EEPROM 1008 to adjust the positions 
of the respective heads on the basis of the registration 
information, or information about non -dischargeable 
nozzles of each head may be written in the EEPROM 
1008 to print images while interpolating portions that 
should be printed by the non-dischargeable nozzles with 
other normal nozzles. 

[0034] Such information may be written in the EEP- 
ROM 1 008 in the read-only mode at the time of shipment 
of the printhead 1 006, or may be written as information 
that can be updated when the ink discharge amount of 
the printhead 1006 has been changed with the passage 
of time. In this case, for the sake of simplicity, assume 
that these data are written in the EEPROM 1008 in the 
read-only mode only at the time of shipment. 
[0035] Fig. 3 is a block diagram showing the functional 



arrangement of the image processing unit 1009 of the 
printer driver 1002 according to this embodiment 
[0036] Referring to Fig. 3, reference numeral 3001 de- 
notes a color correction unit for receiving 8-bit R, G, and 
5 B image data, i.e., a total of 24-bit image data, and trans- 
forms the respective R, G and B data into 24-bit R. G, 
and B data by 3D LUT transformation. In this case, the 
transformation is performed from the color space from 
which the data are input to the standard color space so 

io as to achieve color reproduction uniformity between in- 
put/output apparatuses such as the printer, and realizes 
color reproduction desired by the user or reproduction 
with print colors desired by the user. Reference numeral 
3002 denotes a color transformation unit for transform- 

15 ing R, G and B values having undergone color correction 
in the color correction unit 3001 into 8-bit Y, M, C, K, LC 
and LM in the color space of the printer as an output 
apparatus, i.e., a total of 48-bit data, by using a 3D LUT 
as well; and numeral 3003 denotes an output gamma 

20 correction unit for performing gamma correction for 
each of the colors Y, M, C, K, LC and LM by using a 1D 
LUT (gamma correction table 3010), thereby correcting 
the ink discharge amount of the head for each color by 
using the gamma corrected image data. 

25 [0037] Fig. 4 is a graph for explaining a gamma cor- 
rection characteristic for each ink discharge amount cor- 
rected by the output gamma correction unit 3003. 
[0038] Referring to Fig . 4, the abscissa represents the 
8-bit ("0" to "255") image data value of each color before 

30 gamma correction; and the ordinate, the reflection den- 
sity (O.D value) obtained when a solid patch is printed 
on the basis of the image data value. Obviously, as the 
ink discharge amount increases, the O.D value increas- 
es with respect to each gray level, and vice versa. The 

35 output gamma correction unit 3003 performs gamma 
correction by using the gamma correction table 3010 
having output gamma correction characteristics like 
those shown in Fig. 5 to make O.D values exhibit linear 
characteristics with respect to inputs in consideration of 

4Q the above output gamma characteristics. 

[0039] This output gamma correction table 3010 is 
prepared in accordance with the ink discharge amount 
of each head, and is stored as the gamma correction 
table 3010 in the output gamma correction unit 3003. 

<s The number of types of gamma correction tables 301 0 
may be equal to the number of ranks (five ranks) of ink 
discharge amount information stored in the EEPROM 
1008. Alternatively, a smaller number (e.g., three) of 
types of gamma correction tables 3010 may be pre- 

50 pared, and gamma correction may be performed for 
missing information by interpolation calculation. 
[0040] In the first embodiment, the gamma correction 
table 3010 is used to correct variations in the ink dis- 
charge amount of each head. However, the present in- 

55 vention is not limited to this. For example, a plurality of 
LUTs like those in the color correction unit 3001 for per- 
forming the above color processing and in the color 
transformation unit 3002 may be prepared in accord- 
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a nee with the ink discharge amounts of the respective 
heads, and correction may be performed by switching 
the tables to be used in accordance with the respective 
heads. Reference numeral 3006 denotes an output 
gamma correction table storage unit storing a plurality 5 
of gamma correction tables in correspondence with the 
respective types of head information. 
[0041] An output gamma correction table updating 
unit 3005 receives the head information stored in the 
EEPROM 1008 mounted in the printhead 1006. Upon to 
detecting that a printhead with an ink discharge amount 
different from the information in the gamma correction 
table 3010 stored in the output gamma correction unit 
3003 is mounted, the output gamma correction table up- 
dating unit 3005 reads out the gamma correction table 15 
corresponding to the ink discharge amount of the print- 
head 1 006 from the output gamma correction table stor- 
age unit 3006 on the basis of the ink discharge amount 
information stored in the EEPROM 1008 of the print- 
head 1006, and sends the table to the output gamma 20 
correction unit 3003, thereby updating the gamma cor- 
rection table 3010 in the output gamma correction unit 
3003. 

[0042] A quantization unit 3004 receives the 8-bit data 
of each color (Y, M, C, K, LC and LM) gamma-corrected *5 
by the output gamma correction unit 3003, and quantiz- 
es each data into data with the number of gray levels 
that can be expressed by the ink-jet printer 1003, e.g., 
1-bit binary data in the case shown in Fig. 3. In general, 
for this quantization processing, dither processing or er- 30 
ror diffusion processing capable of pseudo halftone ex- 
pression is used. 

[0043] Correction processing based on the gamma 
correction for the ink discharge amount of the printhead 
will be described next. 35 
[0044] Fig. 6 is a view showing a conversion dis- 
charge amount after ink discharge amount correction for 
correction of density differences due to ordinary varia- 
tions in ink discharge amount, a change in ink discharge 
amount with a rise in the temperature of the printhead, <o 
and the state of occurrence of beading in correspond- . 
ence with each of five ranks in which the ink discharge 
amounts of the printhead are classified within the spec- 
ification range. In this embodiment the median of ink 
discharge amounts is 4.5 ng during normal operation, 45 
and tolerance variations of ±0.7 ng are set around the 
median. 

[0045] A conversion ink discharge amount after the 
ink discharge amount correction will be described next. 
[0046] Assume that ink discharge amount correction 50 
is to be performed by preparing gamma correction ta- 
bles for the respective ranks of ink discharge amounts 
of each printhead in order to correct density differences 
due to variations in the ink discharge amount of each 
printhead. In this case, the maximum output value from 55 
a gamma correction table with respect to the printhead 
of the rank "double small" corresponding to the smallest 
ink discharge amount is "255". The ink discharge 



amount corresponding to this maximum value "255" is 
set to the upper limit of the amount of ink that can be 
landed per color by the printhead. Since a value larger 
than this value cannot be output to other printheads, the 
maximum output values of the tables in the remaining 
ranks are set to be smaller than "255". For example, as 
shown in Fig. 5, tables storing correction values that 
make output values (ink landing amounts) smaller than 
input values as a whole are used. 
[0047] As shown in Fig. 6, in the printhead of the rank 
"double small" of ink discharge amounts, the normal ink 
discharge amount is 3.8 to 4.0 ng, and the ink discharge 
amount after correction by the gamma correction table 
is 3.8 to 4.0 ng. In this rank, the maximum output value 
is "255". In contrast to this, in the rank "small" of ink dis- 
charge amounts, the normal ink discharge amount is 4.0 
to 4.3 ng, and the maximum output value is "248" (Fig. 
5). On average, therefore, the number of dots landed 
per unit area is decreased to "248/255" = 97.5%. When 
the amount of ink landed per unit area at this time is 
converted into a ink discharge amount corresponding to 
the maximum signal value "255", the conversion amount 
is 3.9 to 4.2 ng. Thes values are set as conversion ink 
discharge amounts after ink discharge amount correc- 
tion. In this manner, conversion ink discharge amounts 
(ng) after the ink discharge amount correction are ob- 
tained in the five ink discharge amount ranks shown in 
Fig. 6. 

[0048] As the temperature of the printhead according 
to this embodiment rises, the ink discharge amount in- 
creases by a maximum of 1 .0 ng in each rank. There- 
fore, values like those shown in Fig. 6 are set in the "ink 
discharge amount in process of temperature rise" field 
in consideration of the fact that each ink discharge 
amount in the process of a temperature rise becomes 
larger than the corresponding conversion ink discharge 
amount in Fig. 6 by 1 .0 ng. 

[0049] Assume that when an image is printed on a 
predetermined printing medium by using a printhead 
having such an ink discharge amount characteristic, 
beading occurs if the conversion ink discharge amount 
exceeds 5.5 ng. 

[0050] This phenomenon will be considered with ref- 
erence to Fig. 6. In the ink discharge amount ranks from 
"double small" to "intermediate", since the discharge 
amount is 5.5 ng or less even in consideration of an in- 
crease in ink discharge amount with a rise in tempera- 
ture (a maximum of 1 .0 ng), no beading occurs. In con- 
trast to this, in the ink discharge amount rank of "large", 
beading may occur. In the ink discharge amount rank of 
"double large", beading always occurs in an image por- 
tion on which a large amount of ink (more than 5.5 ng) 
is landed in the process of a temperature rise. 
[0051] In the ink discharge amount correction method 
according to the first embodiment, to prevent the occur- 
rence of beading, a gamma correction table having a 
characteristic like that shown in Fig. 7 is used in corre- 
spondence with each ink discharge amount rank. 
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[0052] The gamma correction table characteristics 
shown in Fig. 7 are set with respect to gamma correction 
table characteristics like those shown in Fig. 5 which are 
set to correct density differences caused by variations 
in ink discharge amount. In this case, the gamma cor- s 
rection table for ranks in which no beading occurs, i.e., 
the ranks "double small", "small", and "intermediate" in 
this case, uses the same table characteristics as those 
shown in Fig. 5. In the case shown in Fig. 7, the correc- 
tion table for the ranks "large" and "double large" exhib- 10 
its a characteristic in which the ink landing amount is 
decreased to prevent the occurrence of beading, as 
compared with the gamma correction table shown in 
Fig. 5. 

[0053] Fig. 8 is a view for explaining conversion ink *5 
discharge amounts based on the table characteristics 
shown in Fig. 7. In this case, no beading occurs in all 
the ink discharge amount ranks even in consideration 
of an increase in ink discharge amount (1 .0 ng) with a 
rise in temperature. 20 
[0054] Fig. 9 is a flow chart showing processing in the 
printer driver 1002 according to the first embodiment of 
the present invention. 

[0055] In step S1 , the printer driver 1 002 receives the 
head information stored in the EE PROM 1 008 mounted 25 
in the printhead 1006 of the ink-jet printer 1003, which 
is sent from the ink-jet printer 1 003, and obtains the ink 
discharge amount information about the printhead 1 006 
for each color on the basis of the head information. In 
step S2, the printer driver 1002 determines a discharge 30 
amount rank on the basis of the ink discharge amount 
information about each printhead 1 006, and obtains a 
conversion ink discharge amount after the ink discharge 
amount correction for each printhead by referring to the 
gamma correction table held in the image processing 35 
unit 1009. The printer driver 1002 determines based on 
this value whether ink soaking (beading) occurs in con- 
sideration of an ink amount increase of 1 .0 ng with a rise 
in the temperature of each printhead. That is, the printer 
driver 1002 determines whether the ink discharge *o 
amount after correction exceeds 5.5 ng. If no printhead 
exhibits an ink discharge amount exceeding this value, 
the flow advances to step S3 to select the gamma cor- 
rection table having the gamma characteristics shown 
in Fig. 5. 45 
[0056] If a printhead in which beading may occur, e. 
g., the printhead 1006 whose ink discharge amount is 
in the rank "large" or "double large" in the case shown 
in Fig. 6, is mounted in the ink-jet printer 1003, the flow 
advances to step S4 to select a gamma correction table 50 
having correction characteristics, like those shown in 
Fig. 7, which suppress the occurrence of beading. Note 
that this gamma correction table selection processing is 
equivalent to the function of the output gamma correc- 
tion table updating unit 3005 described above. ss 
[0057] If a gamma correction table is selected in step 
S3 or S4 in this manner, the flow advances to step S5 
to cause the image processing unit 1009 to execute im- 



age processing by using the selected gamma correction 
table so as to create print data and a print instruction. 
The flow then advances to step S6 to send the print data 
and the like created in this manner to the ink-jet printer 
1003, thus executing printing operation. 
[0058] As described above, according to the first em- 
bodiment of the present invention, beading due to an 
increase in ink discharge amount in each printhead is 
suppressed/controlled while variations in ink discharge 
amount in each printhead which occurred at the time of 
shipment are corrected, thereby preventing a deteriora- 
tion in image quality due to beading and maintaining 
good image quality. 

[0059] In the first embodiment, gamma correction ta- 
bles are held for all the ink discharge amount ranks. 
However, a gamma correction table for a ink discharge 
amount rank in which beading occurs, may be obtained 
from the conversion value of the ink discharge amount 
based on a gamma correction table for a given rank as 
a reference by, for example, interpolation calculation. 

[Second Embodiment] 

[0060] In the second embodiment a plurality of gam- 
ma correction tables created in consideration of varia- 
tions in the ink discharge amounts of the respective 
printheads are prepared for a printer driver 1 002, and 
rank information about each printhead is written in an 
EEPROM 1008 of a corresponding printhead 1006. Ac- 
cording to a characteristic feature of this embodiment, 
only in ranks in which beading may occur, values devi- 
ated from the actual values in the ranks are written, and 
gamma correction tables corresponding to the written 
rank values are set, thereby correcting the ink discharge 
amounts of the respective printheads. 
[0061] Fig. 10 is a graph showing gamma correction 
characteristics corresponding to printheads in a plurality 
of ink discharge amount ranks which are prepared for 
an ink-jet printer 1 003. 

[0062] In the second embodiment, eight gamma cor- 
rection tables are prepared in correspondence with 
eight ranks. Fig. 11 shows the data written in the "rank 
value" fields corresponding to these eight ranks. The. 
correction amounts as conversion ink discharge 
amounts corresponding to the respective ranks are: 0 
ng in the rank "double small" in which the ink discharge 
amount is the smallest; -0.1 ng in the rank "small", -0.2 
ng in the rank "intermediate",..., -0.7 ng in the rank "quin- 
tet large". 

[0063] Fig. 1 1 is a view showing rank values, conver- 
sion ink discharge amount correction ranges, normal ink 
discharge amounts, conversion ink discharge amount 
after correction, ink discharge amounts in the process 
of a temperature rise, and the like in correspondence 
with these eight types of rank information. 
[0064] Referring to Fig. 11, the correction amounts 
correspond to ink discharge amount rank values and 
correction ranges set without consideration of increases 
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in ink discharge amount with a rise in temperature with 
respect to the ink discharge amount ranks "double 
small", "small", "intermediate", "large", and "double 
large" in the first embodiment (Fig. 8) described above. 
[0065] As described in the first embodiment with ref- 5 
erence to Fig. 6, in the process of a temperature rise, 
beading does not occur in the ranks "double small", 
"small", and "intermediate", and occurs only in the ranks 
"large" and "double large". With respect to heads in the 
ink discharge amount ranks "double small", "small", and 
"intermediate", pieces of actual discharge amount rank 
information "double small", "small", and "intermediate" 
(rank values of -2, -1, and 0) are written without any 
change. With respect to heads in the ink discharge 
amount ranks "large" and "double large", to prevent 
beading that can occur with an increase in ink discharge 
amount with a rise in temperature, pieces of ink dis- 
charge amount rank information with large conversion 
ink discharge amount correction ranges are selected, 
and the corresponding rank values ("3" and "5") are writ- 
ten in the EEPROMs of the respective printheads. 
[0066] For the printhead with the actual ink discharge 
amount in the rank "large, "-0.5 ng" is required as a con- 
version ink discharge amount correction range, and 
hence "triple large (rank value "3")" is written as dis- 25 
charge amount rank information. For the printhead with 
the actual ink discharge amount in the rank "double 
large", since "-0.7 ng" is required as a conversion dis- 
charge amount correction range, "quintet large (rank 
value "5")" is written as ink discharge amount rank in- 30 
formation. As shown in Fig. 11, therefore, five different 
rank values, i.e., "-2", "-1", "0", "3", and "5", are respec- 
tively written in the printheads with the five ranks "double 
small", "small", "intermediate", "large", and "double 
large" as actual ink discharge amount ranks. 35 
[0067] The printheads 1 006 in which the above rank 
values are stored, respectively, are mounted in the ink- 
jet printer 1003. The ink-jet printer 1003 sends these 
rank values ("-2". "-1", "0", "3" and "5") as pieces of ink 
discharge amount rank information to the printer driver 40 
1002 of a host computer 1 001 . With this operation, the 
corresponding gamma correction tables are selected 
among gamma correction tables having the gamma cor- 
rection characteristics shown in Fig. 10, and gamma 
correction processing is performed. *s 
[0068] in this manner, in the second embodiment, in 
correcting ink discharge amounts in consideration of the 
prevention of beading in the process of a rise in the tem- 
perature of each printhead 1006, actual ink discharge 
amount rank information is written to use tables with so 
characteristics different from those for gamma correc- 
tion that is executed to correct only density differences 
with respect to the ink discharge amount ranks in which 
beading may occur. In addition, ink discharge amount 
rank information is written to use gamma correction ta- 55 
bles specialized for density difference correction with re- 
spect to ranks in which beading will never occur. 
[0069] As described above, according to the second 
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embodiment, parameters that are expected to be used 
in correction processing are prepared in the printer driv- 
er 1 002 in advance, to make rank information differ from 
actual ink discharge amount ranks upon writing the rank 
information in the EEPROM 1008 of each printhead 
1006. This makes it possible to determine the contents 
of gamma correction processing in the printer driver 
1002 by only changing the rank information in the EEP- 
ROM 1008. Assume that the characteristics of the print- 
head 1006 are improved; for example, the printhead is 
improved into a printhead whose ink discharge amount 
does not change even with a rise in temperature or a 
printhead whose ink discharge amount does not easily 
change. In this case, a gamma correction table for cor- 
recting density differences due to variations in ink dis- 
charge amount can be selected by changing the ink dis- 
charge amount rank information in the EEPROM 1008 
mounted in this printhead. 



[0070] The third embodiment is characterized in that 
information indicating a head ink channel height having 
a high correlation with an increase in ink discharge 
amount with a rise in temperature, of dimensional toler- 
ances in the process of manufacturing the printhead, is 
stored in an EEPROM 1008, and a gamma correction 
table corresponding to the ink discharge amount rank is 
selectively used on the basis of the stored information 
in the EEPROM 1008. 

[0071] The printhead ink channel height in this case 
indicates the distance indicated by the arrow in Fig. 15, 
i.e., the distance from an ink channel 1502 to an orifice 
1501. The head shown in Fig. 15 is designed such that 
an air bubble is generated in the ink channel 1502 by 
the heat liberated by a heater 1500, and ink is dis- 
charged from the orifice 1501 by the pressure produced 
upon generation of the air bubble. The ink is discharged 
in the upward direction in Fig. 15. The height of this ink 
channel 1502 is closely associated with the ink refill 
characteristic of the printhead. More specifically, this 
height influences the ability to supply ink equivalent to 
discharged ink into the ink channel 1502 after the ink 
has been discharged. As the height of the ink channel 
1502 increases, the ink refill speed increases. In con- 
trast to this, as the height of the ink channel 1502 de- 
creases, the refill characteristic deteriorates, and a long- 
er period of time is required for refill operation. 
[0072] Printheads according to the third embodiment 
are designed on the basis of a standard ink channel 
height of 15 jim with tolerances of ±2 \im as manufac- 
turing variations. At the upper limit, lower limit, and me- 
dian of the tolerances, the ink discharge amounts of 
printheads increase differently with a rise in tempera- 
ture. More specifically, the ink discharge amount of the 
printhead with the ink channel 1502 having a height of 
13 \im increases by about 0.5 ng. The ink discharge 
amount of the printhead with an ink channel height of 
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15 \um (the printhead described in the first embodiment) 
increases by about 1 .0 ng. The ink discharge amount of 
the printhead with an ink channel height of 17 nm in- 
creases by about 1 .5 ng. This is because, as the amount 
of ink supplied in refill operation increases with an in- 5 
crease in the ink channel height, the ink discharge 
amount increases with a rise in the temperature of the 
printhead. 

[0073] In this case, as shown in Fig. 13A, the ink chan- 
nel heights of the printheads are classified in three 10 
ranks, and height information 1201 about the ink chan- 
nel 1502 is added as information identifying a corre- 
sponding rank to the head information to be written in 
the EEPROM 1008 of each printhead 1006. For exam- 
ple, this information 1 201 is 1 3 (OOODh) for an ink chan- is 
nel height of 1 3 urn; 1 5 (OOOFh) for an ink channel height 
of 15 ujti; and 17 (0011 h) for an ink channel height of 
17 urn. 

[0074] Fig. 1 3B is a view showing an example of head 
information written in the EEPROM 1008. In this case, 20 
the height information 1201 about the printhead is 
"OOFh"; the ink channel height is 15 jim. 
[0075] Figs. 14A and 14B are views for explaining a 
method of correcting an ink discharge amount in accord- 
ance with an ink channel height. In this case, since the 25 
ink discharge amount correction method used when the 
ink channel height is 15 um, which is the median of the 
tolerances, is the same as that in the first embodiment, 
a description thereof will be omitted. 
[0076] Fig. 1 4A is a view for explaining correction data 30 
for ink discharge amounts when the ink channel height 
is 13 ujti. Since the ink discharge amount increase due 
to a temperature rise is 0.5 ng, even if a table having the 
gamma correction characteristics shown in Fig. 6 is 
used, the ink discharge amount in the process of a tern- 35 
perature rise does not exceed 5.5 ng, at which beading 
occurs, with a conversion ink discharge amount correc- 
tion range set for correction of only density differences 
due to variations in discharge amount (i.e., 0 to -0.4 ng). 
For the printhead with an ink channel height of 13 ujti, *o 
therefore, correction of only density differences due to 
variations in ink discharge amount, shown in Fig. 6, may 
be done without any change with respect to the respec- 
tive ink discharge amount ranks. 

[0077] In the case of a printhead having a channel *5 
height of 17 um shown in Fig. 14B, the ink discharge 
amount increase with a rise in temperature is 1 .5 ng. In 
the discharge amount rank "double small", the ink dis- 
charge amount in the process of a rise in head temper- 
ature does not exceed 5.5 ng. In the remaining ranks, if so 
an ink discharge amount increase of 1 .5 ng with a rise 
in temperature is added to the normal ink discharge 
amounts, all ink discharge amounts exceed 5.5 ng due 
to the rise in temperature, if conversion ink discharge 
amount correction values 0 to -0.4 are used. For this 55 
reason, a gamma correction table in which the maxi- 
mum conversion ink discharge amount correction range 
is set to -1 .2 ng to perform ink discharge amount cor- 



rection as shown in Fig. 14B must be used. 
[0078] All gamma correction tables for the three dif- 
ferent ink channel heights like those shown in Figs. 1 4A, 
14B, and 12 are prepared for a printer driver 1002. An 
ASIC 1005 and CPU 1007 of a ink-jet printer 1003 read 
out the ink discharge amount rank information and ink 
channel height information written in the EEPROM 1 008 
of the printhead 1006. The read data are then sent to 
the printer driver 1002 through a printer interface 1004. 
With this operation, the printer driver 1 002 selects a cor- 
responding gamma correction table and performs im- 
age processing. 

[0079] Fig. 16 is a flow chart showing the processing 
performed by the printer driver 1002 according to the 
third embodiment of the present invention. 
[0080] In step S1 1 , the printer driver 1 002 receives the 
head information stored in the EEPROM 1008 mounted 
in each printhead 1006 of the ink-jet printer 1003, which 
is sent from the ink-jet printer 1 003, and obtains ink dis- 
charge amount information about the printhead for each 
color on the basis of the head information. The flow ad- 
vances to step S12 to obtain the channel height of each 
printhead 1006. As described above, this ink channel 
height can be obtained by reading out the ink channel 
height information written in the EEPROM 1008 of each 
printhead 1006. The flow then advances to step S13 to 
select the corresponding gamma correction table held 
in an image processing unit 1009 on the basis of this ink 
channel height. Note that this direction of thickness se- 
lection processing corresponds to the function of the 
output gamma correction table updating unit 3005 de- 
scribed above. 

[0081] When a gamma correction table is selected in 
this manner in step S13, the flow advances to step S14 
to cause the image processing unit 1009 to create print 
data and a print instruction by executing image process- 
ing by using the selected gamma correction table. The 
flow then advances to step S1 5 to the send the print data 
and the like created in this manner to the ink-jet printer 
1003, thus executing printing operation. 
[0082] As described above, according to the third em- 
bodiment, a gamma correction table used for ink dis- 
charge amount correction is selected and used in ac- 
cordance with two types of information, i.e., an increase 
in ink discharge amount with a rise in head temperature 
and the ink channel height having a high correlation with 
this ink discharge amount increase. This makes it pos- 
sible to perform fine control in accordance with initial 
variations in ink discharge amount within the tolerance 
range of the head and variations in ink discharge 
amount. This can prevent a deterioration in image qual- 
ity due to beading and minimize variations in image 
quality. 

[0083] In each embodiment described above, the 
printer driver on the host computer side performs image 
processing for the creation of print data to be sent to the 
ink-jet printer. However, the present invention is not lim- 
ited to this. The ink-jet printer may execute image 
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processing corresponding to each printhead mounted in 
the ink-jet printer in place of the host computer. 
[0084] The first to third embodiments have been de- 
scribed singly. However, the present invention is not lim- 
ited to this and may be implemented by properly com- 5 
bining these embodiments. 

[0085] The present invention may be applied to a sys- 
tem constituted by a plurality of devices (e.g., a host 
computer, an interface device, a reader, a printer, and 
the like) or an apparatus comprising a single device (e. to 
g., a copying machine, a facsimile apparatus, or the 
like). 

[0086] In each embodiment described above, the 
printer driver of the host computer selects gamma cor- 
rection tables and executes image processing. Howev- is 
er, the present invention is not limited to this. For exam- 
ple, the CPU of the ink-jet printer 1003, a dedicated cir- 
cuit, or the like may execute this processing. 
[0087] The object of the present invention is realized 
even by supplying a storage medium storing software 20 
program codes for realizing the functions of the above- 
described embodiments to a system or apparatus, and 
causing the computer (or a CPU or an MPU) of the sys- 
tem or apparatus to read out and execute the program 
codes stored in the storage medium. In this case, the 25 
program codes read out from the storage medium real- 
ize the functions of the above-described embodiments 
by themselves, and the storage medium storing the pro- 
gram codes constitutes the present invention. The func- 
tions of the above-described embodiments are realized 30 
not only when the readout program codes are executed 
by the computer but also when the OS (Operating Sys- 
tem) running on the computer performs part or all of ac- 
tual processing on the basis of the instructions of the 
program codes. 35 
[0088] The functions of the above-described embod- 
iments are also realized when the program codes read 
out from the storage medium are written in the memory 
of a function expansion card inserted into the computer 
or a function expansion unit connected to the computer, 40 
and the CPU of the function expansion card or function 
expansion unit performs part or all of actual processing 
on the basis of the instructions of the program codes. 
[0089] The present invention described above has ex- 
emplified a printer, which comprises means (e.g., an 45 
electrothermal transducer, laser beam generator, and 
the like) for generating heat energy as energy utilized 
upon execution of ink discharge, and causes a change 
in state of ink by the heat energy, among the ink-jet print- 
ers. According to this ink-jet printer and printing method, so 
a high-density, high-resolution printing operation can be 
attained. 

[0090] As the typical arrangement and principle of the 
ink-jet printing system, one practiced by use of the basic 
principle disclosed in, for example, U.S. Patent Nos. 55 
4,723.129 and 4,740,796 is preferable. The above sys- 
tem is applicable to either one of so-called an on-de- 
mand type and a continuous type. Particularly, in the 



case of the on-demand type, the system is effective be- 
cause, by applying at least one driving signal, which cor- 
responds to printing information and gives a rapid tem- 
perature rise exceeding film boiling, to each of electro- 
thermal transducers arranged in correspondence with a 
sheet or liquid channels holding a liquid (ink), heat en- 
ergy is generated by the electrothermal transducer to 
effect film boiling on the heat acting surface of the print- 
ing head, and consequently, a bubble can be formed in 
the liquid (ink) in one-to-one correspondence with the 
driving signal. By discharging the liquid (ink) through an 
orifice by growth and shrinkage of the bubble, at least 
one droplet is formed. If the driving signal is applied as 
a pulse signal, the growth and shrinkage of the bubble 
can be attained instantly and adequately to achieve dis- 
charge of the liquid (ink) with the particularly high re- 
sponse characteristics. 

[0091] As the pulse driving signal, signals disclosed 
in U.S paten Nos. 4,463,359 and 4,345,262 are suitable. 
Note that further excellent printing can be performed by 
using the conditions described in U.S. Patent No. 
4,313,124 of the invention which relates to the temper- 
ature rise rate of the heat acting surface. 
[0092] As an arrangement of the printing head, in ad- 
dition to the arrangement as a combination of discharge 
nozzles, liquid channels, and electrothermal transduc- 
ers (linear liquid channels or right angle liquid channels) 
as disclosed in the above specifications, the arrange- 
ment using U.S. Patent Nos. 4,558,333 and 4,459,600, 
which disclose the arrangement having a heat acting 
portion arranged in a flexed region is also included in 
the present invention. In addition, the present invention 
can be effectively applied to an arrangement based on 
Japanese Patent Laid-Open No. 59-123670 which dis- 
closes the arrangement using a slot common to a plu- 
rality of electrothermal transducers as a discharge por- 
tion of the electrothermal transducers, or Japanese Pat- 
ent Laid-Open No. 59-138461 which discloses the ar- 
rangement having an opening for absorbing a pressure 
wave of heat energy in correspondence with a discharge 
portion. 

[0093] In addition, not only an exchangeable chip type 
printing head, as described in the above embodiments 
which can be electrically connected to the apparatus 
main unit and can receive ink from the apparatus main 
unit upon being mounted on the apparatus main unit but 
also a cartridge type printing head in which an ink tank 
is integrally arranged on the printing head itself can be 
applicable to the present invention. 
[0094] It is preferable to add recovery means for the 
printing head, preliminary auxiliary means, and the like 
provided as an arrangement of the printer of the present 
invention since the printing operation can be further sta- 
bilized. Examples of such means include, for the print- 
head, capping means, cleaning means, pressurization 
or suction means, and pre-heating means using elec- 
trothermal transducers, another heating element, or a 
combination thereof. It is also effective for stable printing 
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to provide a predischarge mode which performs dis- 
charge independently of printing. 
[0095] In addition to the print mode of printing images 
only in a main color such as black, the printer may have 
at least one of the print mode of printing images in dif- s 
ferent colors and the print mode of printing images in 
full-color as a mixture of colors, which mode may be re- 
alized by an integral printhead or a combination of a plu- 
rality of printheads. 

[0096] As has been described above, even if the re- 
spective heads exhibit variations in discharge amount, 
changes in color appearance can be minimized by writ- 
ing information about the variations in the EE PROM of 
each printhead in advance and changing parameters for 
image processing in the printer driver on the basis of the 
information. 

[0097] In addition, beading due to an increase in ink 
discharge amount with a rise in head temperature can 
simultaneously prevented. In this case, the characteris- 
tics of gamma correction tables for only ink discharge 
amount ranks in which beading may occur are changed. 
This makes it possible to obtain images having almost 
the same color appearance and density in ranks in 
which no beading occurs, resulting in an improvement 
in image quality. 

[0098] The present invention is not limited to the 
above embodiments and various changes and modifi- 
cations can be made within the spirit and scope of the 
present invention. Therefore, to apprise the public of the 
scope of the present invention the following claims are 
made. 

[0099] This invention relates to an ink-jet printer 
equipped with an ink-jet printhead and a control method 
and apparatus for the ink-jet printer. The printhead in- 
corporates an EEPROM storing head information in- 
cluding the ink discharge amount characteristics of the 
printhead. The head information stored in this EEPROM 
is transmitted from the ink-jet printer having the print- 
head to the printer driver of a host computer. The printer 
driver then selects a gamma correction table in accord- 
ance with the head information. In this case, a gamma 
correction table is selected from a plurality of gamma 
correction tables in which pieces of correction informa- 
tion which make print densities uniform are stored in cor- 
respondence with ink discharge amounts. This table al- 
so includes correction data for correcting an increase in 
ink discharge amount to prevent beading due to an in- 
crease in ink discharge amount with a rise in the tem- 
perature of the printhead. 



Claims 

1 . An ink-jet printer for printing by discharging ink from 
an ink-jet head onto a printing medium, character- 
ised by comprising: 

read means for reading out head information 



about an ink discharge amount of the ink-jet 
head from a memory in which the head infor- 
mation is stored; 

selection means for selecting a correction table 
for correcting image data on the basis of the 
head information read out by said read means; 
image processing means for generating print 
data by processing the image data by using the 
correction table selected by said selection 
means; and 

control means for controlling to print an image 
on a printing medium on the basis of the print 
data generated by said image processing 
means, 

wherein the correction table stores correction 
data for the image data which is based on a print 
density on the printing medium and an ink receiving 
capacity allowed in printing on the printing medium 
in correspondence with an ink discharge amount 
characteristic of the ink-jet head. 

. The printer according to claim 1 , charcterised in that 
the ink-jet head comprises a plurality of ink-jet 
heads, and the memory is mounted in each ink-jet 
head. 

The printer according to claim 1 or 2, charcterised 
in that the head information represents ink dis- 
charge amount characteristics of the ink-jet head in 
a plurality of ranks. 

The printer according to any one of claims 1-3, ch- 
arcterised in that the correction table includes cor- 
rection data obtained in consideration of an ink dis- 
charge amount which changes with a rise in a tem- 
perature of the ink-jet head. 

The printer according to any one of claims 1-4, 
wherein the head information includes information 
about a height of an ink channel of the ink-jet head. 

• A control method for an ink-jet printer for printing by 
discharging ink from an ink-jet head onto a printing 
medium, charcterised by comprising the steps of: 

reading out head information about an ink dis- 
charge amount of the ink-jet head from a mem- 
ory in which the head information is stored; 
selecting a correction table for correcting image 
data on the basis of the head information read 
out in said reading step; 
generating print data by processing the image 
data by using the correction table selected in 
said selecting step; and 
controlling to print an image on a printing me- 
dium on the basis of the print data generated 
at said generating step, 
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wherein the correction table stores correction 
data for the image data which is based on a print 
density on the printing medium and an ink receiving 
capacity allowed in printing on the printing medium 
in correspondence with an ink discharge amount 
characteristic of the ink-jet head. 

7. The method according to claim 6, charcterised in 
that the memory is mounted in the ink-jet head. 

8. The method according to claim 6 or 7, charcterised 
in that the head information represents ink dis- 
charge amount characteristics of the ink-jet head in 
a plurality of ranks. 

9. The method according to any one of claims 6-8, ch- 
arcterised in that the correction table includes cor- 
rection data obtained in consideration of an ink dis- 
charge amount which changes with a rise in a tem- 
perature of the ink-jet head. 

10. The method according to any one of claims 6-9, ch- 
arcterised in that the head information includes in- 
formation about a height of an ink channel of the 
inMet head. 

11. The method according to any one of claims 6-9, 
wherein the correction table includes correction da- 
ta for setting the print data such that an ink dis- 
charge amount which changes with a rise in a tem- 
perature of the ink-jet head becomes not more than 
an ink receiving capacity of the printing medium. 

12. A control method for an ink-jet printer for printing by 
discharging ink from an ink-jet head onto a printing 
medium, charcterised by comprising the steps of: 

receiving head information about an ink dis- 
charge amount of the ink-jet head mounted on 
the ink-jet printer from the ink-jet printer, 
selecting a correction table for correcting image 
data on the basis of the head information re- 
ceived in said receiving step; 
processing the image data by using the correc- 
tion table selected in the selection step to gen- 
erate print data; and 

transmitting the print data generated in said 
processing step to the ink-jet printer, 

wherein the correction table stores correction 
data for the image data which is based on a print 
density on the printing medium and an ink receiving 
capacity allowed in printing on the printing medium 
in correspondence with an ink discharge amount 
characteristic of the ink-jet head. 

13. A control apparatus for an ink-jet printer for printing 
by discharging ink from an ink-jet head onto a print- 



ing medium, charcterised by comprising: 

reception means for receiving head information 
about an ink discharge amount of the ink-jet 
5 head mounted on the ink-jet printer from the 

ink-jet printer; 

selection means for selecting a correction table 
for correcting image data on the basis of the 
head information received by said reception 
10 means; 

image processing means for generating print 
data by processing the image data by using the 
correction table selected by said selection 
means; and 

is transmission means for transmitting the print 

data generated by said image processing 
means to the ink-jet printer, 

wherein the correction table stores correction 
20 data for the image data which is based on a print 
density on the printing medium and an ink capacity 
allowed in printing on the printing medium in corre- 
spondence with an ink discharge amount charac- 
teristic of the ink-jet head. 

25 

14. A computer-readable storage medium character- 
ized by storing a program for executing a control 
method for the ink-jet printer defined in any one of 
claims 6-12. 

30 

15. A correction data table for an ink-jet printer, char- 
acterized by storing correction image data for 
transforming input image data in correspondence 
with rank information representing ink discharge 

35 characteristics of an ink-jet head in a plurality of 
ranks, wherein the correction image data being set 
such that even if a temperature of the ink-jet head 
rises, an amount of ink discharged from the ink-jet 
head becomes not more than a predetermined 

40 amount. 

16. The table according to claim 15, wherein the cor- 
rection data table includes information about a 
height of an ink channel of the ink-jet head. 

45 
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FIG. 10 
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